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SUMMARY

This work purposes to eketch, 1ln dbroad outline, the
status of alrshlp construction in the various countries,
at a time when commerce over great distances might be fi-
nally opened up to the alrshlp through the performances of
the "Graf Zeppelin.!" After a short historical review, a
survey of the moet important rigid and semlirigid airships
bullt since 1925, their differences and special problems,
lg made. In more dstalled treatment, the framing construc-
tion of the more recent rigid airships and some especially
interesting structural questions are investigated. Since
an exhaustive treatment 1s not possible in the 1limits of
a magazine article, a 1list of the pertlnent literature 1s
appended,

I. HISTORICAL REVIEWw®*

In order to estimate correctly the present status of
alrshlp construction, 1t 1s necessary to review bdriefly
the past. The dirigible airship today has a development
of more than a generation behind it. The first serious at-
temptes to make 2 balloon dirigidle, in fact, to dulld an
air "ghip,? go back to the year 1852. At that time Fransose
Giffard sought to give to a spindle-shaped balloon the
speed necessary for steering by installing a steam engine,
Because of the unimportant results, these first expasriments

*Der heutige Stand dee Luftschiffbaus, insbesondere des
Luftschiffgerippebaus.”" Zeitschrift fir Flugtechnik und
Motorluftechiffahrt, vol. 24, no, 11, June 6, 1933, and no,
12, June 28, 1933. (Lecture before the Berlin Section,
Verein Deutscher Ingenieur, March 15, 1933, Report of the
Deutsche Versuchsanstalt fiir Luftfahrt E, V., Berlin-Adlers-
hof - Static Section)

**See references 1 to 5.
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were soon forgotten, Not until 1872 4id the German,
Hanlein, make a new attempt. He bullt an airship with one
engine, which was driven by the 1lifting gas of the balloon,
However, also in thls case there were few experimental
flights, Renard and Krebds 1ln the year 1884, with the "la
France," made the first rather important alrship flights,
This alrship, with its electric motor of 9 horsepower, at.-
talned a speed of 6 m/s. The further development occurred
around the turn of the contury and was connected with the
names Schwarz, Santos Dumont, and Lebaudy. The &irship
built by Schwars is particularly interesting in that alu-
minum sheet was used as hull material, an experliment which
has been taken up agaln gquite recently and which will be
further discussed herein, )

The inventlon of the rigid airship by Count Zeppelin
revolutionlized alrship transportation, After Zeppelin had
already, in the year 1894, submitted the design of a rigid
airship to the War Minletry, he succeeded only after tough
battles in realizing his ldeas and completing his first
alrghip in the year 1899 (fig. 1). This airship, which
took off for the first timo on July 2, 1900, already had
the customary distingulshing features of proesent rigld air-
ships: partlcularly tho rigid framlng with l1ight meotal
rings and longitudinals; further, the carrylng of the 1ift-
ing gas in a serlies of independent cells, and finally the
division of the machlnery installation into several unitse,
The symmetrical hull, which had a gas volume of 10,000 m3,
wasgs very slender and had a long, symmetrical middle body.
Control of this airship was still very primitive, ILateral
control was by means of an upper and a lower control sur-
faco at the bow and by means of two slde surfaces at the
stern. Vertical control was at first attalned through
shifting of trimming welghts along the gangway. Later, an
elevator was placed at the bow underneath the hull, The
two Daimler engines of 15 hp. each were located in two cars
suspended from the keel girder, and by means of bevel-gear
transmission drove the propellers, placed at the helght of
tho centor of roslstance.

The operation of the first Zeppelln airship soon had to
be discontinued for economlc reasons, and only after a five-~
Year lnterruption was Count Zeppelin able to ralse the nec-
essary means for a second alrehip., This airship still re-
sembled 1ts predecessor ln many respects, having, however,
more powerful englnes of a lesser unit welght, The succeed-
ing Zeppelin products, beginning with the successful third
alrshlp of the year 1906, lndicate a continuance along the
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course already started. F¥Figure.2 shqws a typlcal pre-war
example, the commercial airship *Schwaben®" (LZ 10), of tho
-year--1911,-with-a volume of 17,800 m3, The gangway is
constructed as a stiffening girder, the hull has been giv-
en stabllixing surfaces a% the stern, the rudders aro ar-
rangod 1n the box form dletinguishing the pre-wer Zeppeliln
alrehips, A%t this time thers already exlsted the Luft-
schlffbau Schfitte~Lanxz, founded in 1909, which brought out
lte first alrship at the end of 1911 and its second early
in 1914, The soecond ailrship, the SL 2 (fig. 3), particu~
larly exhiblted a number of substantlial lmprovements and
was of speclal signlficance in the furthor development of
rigld airship consiruction. A4s in the casc of the first
Schutte~Lanz airship, 1t had a streamlined hull with a
form less slender than previous airships had and rudders
attached directly to the stabllizing surfaces, The gang-
way was located inside the ship, an arrangement which had
proviously been usod in the Zeppelin alrship LZ 18, known
as "Naval Airship L 2% and bullt in 1913. The propollors
actod - as was customary in pressuro alrship construction -
diroctly behind the onglnes on elastically suspondod side
and bottom care. Gas-valving was through special openings
at the top of the alrship. Wood was used as material in
the SL-alrships, while the pre-war structures of the 2-
airships were of aluminum,

However, pressure alrshlp construction was not dor-
mant 1n these years before the war, Pressure airships are
distinguished by the fact that for maintenance of form
they continuously need an inner superpressure, which is
accomplished with the aid of air-inflated ballonets. Pres-
sure airshipes are classified as semirigid and nonrigld, ac-
cording to whether or not they have a stlffening girder
for suspension of the car, This girder can bde suspended
from the hull, as was the case in tho military ship of the
Prusgian Airship Battalion, constructed by Basenach (rof-
orence 6), or secured dirsctly to the hull, as the Lebaudy-
bullt airships feature 1t., More recently the stiffening
glrder is placed inside the hull and the car directly at-
tached thereto, The development of the nonrigid system 1s
principally the contridbution of v, Parseval (reference 7).
The first Parseval airshlp, shown in flgure 4, which was
followed by a serles of successive airships, came out 1in .
the years 1905-1906 and had a gas volume of 2500 m3, An
especlially noteworthy foature of this ship ia that 1t had
two separate ballonets fore and aft, which with Aiffering
inflation could be used for altitude control. A further
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interesting nonrigid pressure alrship of the pre-war peri-
od 1s the Slemens-Schuckert alrshlp deslgned by Krell and
Diotzius (fig. 5). It had throe cars, which were suspend-
od from the hull with fabric curtaln suspenslions (refer-
ence 8).

Interesting though 1t would be to go more into detail
concerning the lndividual states of development of tho
rigld and pressuroe alrships and to follow further thelr
developmont as advanced by the war, only the most import-
ant piloncers of alrship construction can be introduced
here, ¥With regard to the two German alrship types, Zep-~
pellin and Schiitte-Lans, there are two comprehensive papers,
which admiradly describe their development up to 1926 (ref-
oronces 3 and 4).

In the first-named paper (reference &) the airship
LZ 126, bullt for the Unlited States, 1s aleo minutely de-~
scribed. This airshlip in 1924 crossed the Atlantic Ocean
from the European mainland and since then, as the "Los
Angeles," has been 1in the service of the Amerlcan NKavy,
The two post-war ships "Bodensee" and "Nordstern," of the
Luftechlffbau Zeppellin preceded the LZ 126, The "Bodenseo”
ls partlicularly noteworthy in that she conducted a regular
alr service between Berlin and Frledrichshafen as early as
1919,

II. SURVEY OF THE MORE RECENT AIRSHIP CONSTRUCTION
AND SOME FUNDAMENTAL AIRSHIP QUESTIONS

1., The More Rocent Riglid Alrships

In May 1936, the fetters placed upon German commercial
alrship construction by the Versallles treaty were removed
and the Luftschiffbau Zeppelin began the comstruction of
L2 127 (fig. 6). The ship was completed in the middle of
1928 and as the "Graf Zeppelin" ie known to all through 1lte
successful flights (references 9 and 10). Because of the
insufficlent dimenslons of the o0ld Frledrichshafen hangar,
its gas volume had to be limited to 105,000 m®,., Also,
quite largely for the same reason, the slenderness ratilo,
1.,0., the ratio of the length to the maximum diameter, was
selocted. The machinery linstallation conelsts of five re-
versible Maybach englines of 530 hp. each, which can be
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driven wlith gasoline or gaseous fuel, The engines are
inatalled in five cars, staggered longitudinally with re-
speot- to each--other, outside the hull, The LZ 129, Just
now undsr construction in the new Frledrichshafen hangar

of the Luftschiffbau Zeppslin has a gas volume* of 190,000
m® and a distinctly Yfatter® alrehipt's form. Further uub-
stantial departures of the new shlip wlll be discussed later,

. In Bngland in the year 1936, constructlion of the two
rigid airehips R 100 and R 101 was begun (roferences 11,
12, 13, and 14), R 101 was dbulilt by the Government itself
in the Royal Airship Works in Cardington; R 100 was awarded
to a private company, the Airship Guarantee Company, in
Howden, JXYor both ships the same gas volume and approxi-
matoly the same slenderness ratio were originally contem-
plated. R 100 (fig. 7) was completed first and, at the end
of July 1930, undertook its flight to Canada., The machin-
ery installation of the R 100 consists of six reversibdle
Rolls-Royce Condor engines of 670 hp, each, which are ln
stalled in tandem in three cars. In the R-101 (fig. 8) at-
tempt was made for the first time to equip an airship with
heavy-o0ll englnes., Five Beardmore Tornado heavy-oil en-

" €lnes of 585 hp. each were installed in five cars. The
heavy-oll engince, as far as they wero concerned, were dls-
appolinting, as they gave a lower power, and turned out to
be heavier, than was anticlpated, and, besides, the revers-
idllity of the light-metal propellers presented difficul-
ties, After its first trial flights R 101, 1in order to at-
tailn more useful 1lift, was enlarged by insorting an addl~
tlonal bay amidships, TFlgure 8 shows the R 101 before re-
building. The tragic fate of R 101 1s still fresh in our
memory, The airehip met with 1te accident early 1in October
1930, in northern France, after starting ites flight to
India, Although, indeed, the two English alrships no long-
or exist - R 100 was broken up after the destruction of the
R 101 - they can, nevertheless, not be overlooked 1ln a com-
plete representation of the present status of airship .con-
struction, since they presont a great number of very note-
worthy structural l1annovations which will continune to be
toplcs of discussion,

The largest rigid airships thus far completed are the
"Akxron® (fig. 9), with a nominal gas volume of 184,000 m3

*In airships, it 18 customary to give the nominal gas vol-
ume as the basic size. By this 1s meant the content of the
g€as cells with a fullness of 95 percent
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and her recently completed sister shlip, "Macon®*, They
were bullt in the years 1929 to 1932 in the United States
by the Goodyear-Zeppelln Corporation in Akron (references
14 to 16). A principal feature of these airships i1s that
the elght Maybach engines of 560 hp. each are placed in-
slde the alrship. They transmit their power through long
shafts and bevol-gear drives to swiveling propellers ar-
ranged one behind another, as seen in profile,

2. Airship Volume and Airship Form*»*

In the above-mentloned, newer, rigld airshlps, one
recognizes distinctly that the present development tends
toward bullding larger and "fatter" alrships. In flgure
10 the more recent rigid airships are agaln shown in pro-
flle to the same scale and an older Zeppelin alrshlp - it
is the last wartime naval alrship LZ 113 - added for con-
trast. According to this, slnce the end of the war nomi-
nal gas volume has lncreased three-fold, the slenderness
ratio "L/D. has decreased from 8,8 to around 6.0 1n the
LZ 129 and "Akron," and to around 6.5 in the FEnglish alr-
ships, In the "Graf Zeppelin! the tendency toward a small
slenderness ratio has not yet become so evident. Thils
lies partly in the llmlted proportlions of the old Fried-
richshafen construction hangar. It must still be mentloned
that earilier Schutto-Lanz alrships had a slenderness ratio
which corresponded to that in the "Graf Zeppelin." R 100
1s omltted from the assembly shown, since,wlth respect to
nominal gas volume and alrship's form, 1t 1s approximately
the same as the R 101 as shown before roebuilding.

The great advantage, which an lncrease of the gas vol-
ume contributes to the economics of airships is indisput-
able, Contrary to the case of the alrplane, an lncrease
in tho useful-load ratio, 1.,e,, that of the pay load and
that of the fuel load to the total 1lift, occurs with en~
largement of an airshlip, assuming constant espeed, This is
explained by the fact that the welght of the hull, exclu-
8slve of machinery installatlon, increases with a power of
the volume which lies between 1 and 2/3. and that of the
machinery installation, corresponding to the alr resistancs,
with a power which lies below 2/3.

*The Mkron" in the meantime has been the victim of an accl-
dent, She encountered a severe storm on April 4, 1933, and
wag destroyed.

**500 references 17 to 20.
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Such definite Judgment of the most favorable slender-
ness ratio la not possible, The air resistance of the hull
ie divided into form and friction resistances. With con-
getant volume, the first lncreases with a fatter airshipts
form, the latter decreases correspondingly with decrease
of outer surface., 8Since in an asrodynamically well de-
slgned hull the frictional resistance comes more into the
foreground, 1n this respect the fatter form is the more
favorable. However, a fatter alrship!s form, because of
i1ts tendency toward instability, requires greater stablllz-
ing surfaces, Thus the advantage of the fatter airshipts
form 1s 1limited., Oonsidered from the structural standpoint,
the fatter airship 1s, because of 1ts greater reslistance
to bending, the more d&dvantageous, although here, also,
transverse framing is associated with increase of ailrship's
dlameter, After conslideration of all of these oclrcum-
stances, 1t appears that one can choose, at will, between
8londerness ratlos from 6 to 7.5 without appreciable dis-
advantage,

3., Lifting Gas and Fuel

A further important problem of present-day alrship
constructlon is the guestion of the 11fting gae and the
fuel for the engines, A4As lifting gas for an airship only
hydrogen and hellium are considered today. Hellum has the
great advantage of noninflammability; on the other hand,
however, hydrogen has the lesser welght, For design pur-
poses, a 1lift of 1.13 kg/m5 is used for hydrogen 1in con-
trast to only about 1 kg/m3 for helium, There 1s then,
with helium inflation in comparison with hydrogen infla-
tlon, a loss 1n 1ift of around 11.5 %ercent. Furthermore,
the helium 18 more costly, since 1 m” of helium costs to-
day around BRM 1,50, while 1 m® of hydrogen, on the other
hand, costs only RM 0.20. The use of helium means, then,
from the economic standpolnt, a greater durden, Thls can,
however, be substantlally reduced if lightening of the
airshlip due to the mse of liguid fuel and the accompanying
valving of lifting gas are avolded. This can be acocom-
plished, as 1t is i1n the case of the M"Akron," by means of
a water recovery apparatus, in whlich the water vapor con-
talned in the engine exhaust 1s preclpltated. The present
status is, that in this manner one can recover ballast
water exceedling in gquantity the fuel burned.

Another means, which was introduced in the H4Graf
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Zeppelin," 1s the use of gaseous fuel having the specific
welght of air. Then the total welght eof the alrship re-
mains approximately constant. Besides this, the use of
fuel gas is distinctly economical, since the space occu-
pled by the fuel gas, if considered fllled with hydrogen,
can 1ll1ft, in comparison with the fuel-gas welght, only a
smaller guantity of gasoline and, 1n addition, the fuel
consumption with gaseous fuel 1s less than with 1liguid,
vig., 170 g/hp./hour against about 220 g/hp./hour.

The i1ntroduction of heavy-oil engines brings a fur-
ther advance in the development of the airship. These are
distlinetly preferable to gasoline englnes in many respects.
Firet and foremost, in conjunction with the use of helium
they bring about a considerable decrease in fire haxzard,

A further advantage 1s, that heavy-o0ll engines have a lower
fuel cousumption than gasoline engines have, which, with
the nature of airships as long-distance carriers, works out
particularly favorably. 4nd finally, the use of the cheap-
er heavy 0l1l ingstead of the more costly gasoline indicates
a great flnancial saving. The installation of heavy-oll
engines was carried out in the English airship R 101, even
though, as 1is already mentioned, with little result. Also,
for the new German airship LZ 129 heavy-oll engines are
contemplated. Of course, the use of hellum and heavy-oil
engines are contemplated. Of course, the use of helium and
heavy-o0il engines necessitates, for the economic reasons
mentioned, the installatlon of a water-recovery apparatus,
unless the solution worked out in the construction of the
LZ 129 is adopted. 1In this airship, inslde the helium
cells, and surrounded and protected agalnst fire by themn,
smaller hydrogen cells are provided, for the accommodation
of the gas to be valved in maintaining equilidbrium.

A solution, which up to now has not besn carried out
in practice, 1is the Joint use of helium and fuel gas. With
this, to increase the safety against fire, the fuvel gas can
- be placed entirely inside the helium cells. ZExperiments in
thls direction with a pressure airship are at the moment in
progress in the American Navy., The Luftschiffbau Zeppelin
has not gone further into this last solution, since from
the standpoint of safety a helium airship with heavy-oil
englnes is preferred.
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4, The More Recent Pressure Alrships and Their Problems#*

In connection with gsome of the more receit predsure
alrehlps, some of the problems of pressure alrship construc-
tion should now be briefly discussed, The most important
task here is, to bulld pressure alrshlips with the smoothest
possible nondistorting envelopes, with the greatest possi-
ble avoldance of appendages, In the new pressure alrships
of the semirigid type, this problem is solved, as already
mentioned, by bullding a stiffening keel truss lnto the
hull, suspending it from the upper part of the eanvelope,
The car can thon be attached directly to this truese, The
three Parsoval-Naatz pressure alrships of the Wasser- und
Luftfahrseng-Gesellschaft built in recent years are con-
structed in thlis manner, which airships have becoms known
to 2all as advertising airships (reference 22). Figure 11
shows the newest of these pressure airships, the PN-30, It
l1g an airship of 2,650 m3 and has a Slemens SH 14 englne of
115 hp, located behind the car. The keel truss bullt 1into
the alrship is shown in figure 1l2. Its ends are carrled up
high and serve forward for the attachmont of the mooring
apparatus and aft for the attackhment of the stabilizing sur-
facaes, The keel truss consiste of articulatedly Joined
Lautal tubes; the panels formed by theso are draced by wire
dliagonals, In somoe places, however, tho counter dlagonals
are lacking, 1in order to attain an elastlic glving of the
keel truss.

In order to diminish the distortion of the fabric en-
Yelope in the larger pressure alrships, a steel net may dbe
inserted between the cells especlally provlided for holding
the gas, and the outer cover, around the entire girth, This
l1dea originates with Naatz-and 18 to be trled out on a con-
templated larger alrshlp :of the Wasser- und Luftfahrzeng-~
Gescllschaft, A simllar: development, in which, furthermore,
the lower part 1s developed as a sholl framing. comes from
Wiesinger (reference 23). e

-A radlcal method for attaining a hull with little
stretch 1s carrled out by the Metalclad Airship Corporation
in Detroit (U.S.A.). There.the pressure-alrship of 5,700 m?
provided with a metal envelope, as sbown in figure 13, has
been bullt (references 24 and 26). The eight stablliszing
surfaces provided for lncreasling manseuveradllity are espe-
clally noteworthy. The metal skin conelsts of 1/4 mm thick
Alclad sheet strips, which are jolned by means of. a apeclal
rivet-sewing machine and have packing inserted at the soams,

*See reference 21, which gives a comprehensive discuesion of
pressure airship construction,
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The Alclad 1s duralumin, which has a coverlng layer of pure
aluminum as a protectlon against corroslion., Figure 14 gives
an inside wview of the shlp and shows the ring girders and
inverted channel longitudinals provided for stiffening the
metal skin,

The l1dea of attaching the car diretly to the hull in
nonrigid pressure alrships also has been carried out in the
more recent pressure alrships of the Goodyear Company in
Akron. Flgure 15 shows an example of thls type, the pres-
sure airship "Puritan," of 2,430 m3, of the year 1928, The
alrship has two Slemens SH 10 engines of 60 hp. each at-
tached at the sldes of the light-metal car. The umbrella~
like nose-stiffening of the hull 1s easlly perceived. Be-~
sides the more recent pressure airships mentioned, a number
of pressure airships, principally of the semirigid type,
have orliglnated in other countries 1n recent years, espe-
cially in France, where the "Vedettes" and "Escorteurs" are
bullt for the Navy.

IITI, THR PRESENT STATUS OF AIRSHIP-FRAMING CONSTRUCTION

1. Structure

The framing construction of all present-day rigld air-
ships has not changed in its fundamentals slnce the earliest
Zeppelin airships, This construction 1s the following (fig.
16): A serles of polygonal transverse rings is jolned at
the corners by longltudlinal girders; the rectangular panels
formed by the ring sides and longltudinal girders are stif-
fened by wire bracings, which are applied 1n a gingle or
double panel arrangement., Besldes this "external panel
stiffening” another "inmer net bracing” 1is usually present,
which attaches to the inner faces of the longitudlnals and
serves for the transferring of the gas forces exsrted by the
cells, The thus constltuted envelopling surface forme a sta-
ble space framework, which structurally is known as a basket
frame, By stiffenlng of all or of only some transverse
rings of this basket frame, a structure of high bending and
torsional stiffness 1s obtalned.*

The framing construction shown in flgure 17, concelved
by Unger, 1es fundamentally different. It consists mainly

*The suggestion of bullding the framing of a rigid airship
in the form described originates with Miller-Breslau (refer-
ence 5).
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of two plane trusses 1in the vertical and horlzontal longi;
tudinal planes, intersecting in the alrship's axls, . The

‘rings "are built -around -thoee plane trusses and -attach to

the two plane trusses at the edgos of the latter, The.ob-
vious disadvantage of this comstruction is the practically
unobtalnable lateral stabllity of the deep plane trusses
and, in addition, thelr deficient torsional stiffness., An
advantage of this construction ls, perhaps, that a natural
attachment of the stabdllizing surfaces results and that the
vertical plane trusses can De used for supporting welghts
and the nose for mast mooring without anything additional,

. In all of the more recent alrships, however, the pre-
viously deserlibed basket-work framing has besen used, In
this construction the transverse rings are designated as
maln and intermedlate rings, depending on whether or not
they are stiffened in thelr own planes, The stiff main
rings serve a double purpose, Firstly, they take care of
a proportionate share of the external forcees on the outer
cover which affect the framing; secondly, they divide the
total gas space lnto the indlvidual compartments which
serve for the accommodatlion of the gas cells, In the de-
8lgn of the framing the case of a deflated gas cell 1a
considered, Then the adjacont colls which are still in
flated are subjected to large side gas forces, for which
elthor the maln ringe themselves must be carefully do-
slgned, or some other structural provislion must be made,

In the maln rings of the more recent rigid airships
one may distinguish two different arrangements, In flgure
18 they are shown in contrast, above and below, The
"Graf Zeppelin," as well as the new alrship LZ 129, now under
conatructlon, have wire-braced rings, The wire bracing
18 attached to alternate ring corners; the intermediate
g8ides are constructed as trusses, A4lso, 1ln the one English
airship R 100 no departure from wire-braced rings has been
made; the wire forces are here led to each ring corner,

On the other hand, the "Akron" and the English alrship
R 101 have so-called inherently stiff rings, These are
built uwp 1n such a manner that two external ring members

‘lying in the outer surface of the airship are joined with

an inner ring member by means of wall strute to form a sta-
ble triangular-girdor. "The quostion,;-which of the two maln
ring types 1s the better for the present size and form de-~
fined by the framing, can not be definitely declded. This
la due to the two opposing functions of the maln ring, on
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the ono hand, to provide for a good welight distribution
and stiffening of the framing, on the other hand, to form
the necessary bulkheads for the gas cells, If only the

~ first function existed, preference would undoubtedly be
given to the wire-braced ring; for, as 1s well known, a
cross-braced structure 1ls superior to a trussed etructure
with respoect to stiffness, However, a requiremont for a
goocd stiffening effect of the braced ring i1s as highly ten-
8loned a wire net as 1s posslble,.

Now, however, for the socond function, namely, for
serving as a bulkhead, such a tensloned net 1s disadvan-
tageous, for tho sldo gas forces occurring with doflation
of a coll produceo in the wire bracling the greater forces,
the less the bracing ls able to bulge. These wire stresses
become more appreciable with increasing ring diameter,

They can be reduced, however, by supporting the wire brac-
ing at the center by means of an axial glrder, running
through the entire shlip, Such a solution is applied in the
three newer rigid ailrships provided with wire-braced rings,
However, the use of this aclal support 1s accompanied by
the structural dlsadvantage that elther 1t must be passed
through the cell, or must be encircled by the cell, The
former method presonts difficulties in making the cell gas
tight where the girdoer passes through 1t; besldes, the ax-
ial girder 1e inaccesslble, For these reasons, iIn the two
recent alrships LZ 129 and R 100, the gas cells have been
installed around the axlal girdor like mlllstones, In the
LZ 127 the solutlion presented no such difficulty, slnce
with the arrangement of 1lifting gas 1n the upper part and
fuel gas 1n the lower part of the alrship, a necessary sep-
aration of the cells resulted and the axial girder could be
run betweoen them,

In the two ships provided with inherently stiff rings,
the "Akron" and the R 101, the problem of taking up the
gside gas forces 1s solved 1n different ways., In the "Akron"
a netting bulkhead with a tensioning device 1s introduced
ingide the inner ring membor (fig. 24). Thisg is rosilient-
ly attached to the innor ring corners 1ln the upper part,
This reslliency ylelds only with large forces, The offect
of this ia that, in the normal condltion of inflated cells,
the netting dbulkhead acts as a supplementary stiffening of
the ring; on the other hand, in the unusual loading condl-
tion of a deflated cell, whichis accompanled by large wire
forces, the dbulkhead net can dbulge out, and thereby the
wire forces are reduced, In the R 101, the placling of a
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wire net inside the inherently stiff ring has been avoided.
Instead, the whole cell 1s surrounded by a parachute-like
wiro net-; wvhich leads the side gas forces into the Jolnts
of the longitudinal girders (fig., 31).

Tho fact that the lnherently stiff ring ocguples some
of the avallable gas space and thereby reduces the 1lift is
always emphasized as an unfortunate disadvantage of such .
rings, To avold this, 1t has been suggested that the ring
-be made as deep as possible and its inslde filled with a
speclal ring cell. However, this solution 1s accompanied
by great structural diffliculties and also results in an ad-
ditional welght of cell material and valves, apart from the
conslderatlon that the increased surface of the whole cell
installation involved 1n this solutlion causes increased gas
loss,

Also, wlth respect to the spacing of the maln rings, the
newer airships differ very substantlally., To minlimize the
ring and cell welghts, 1t would be desirabdble to subdivide
the gas space as little as possible, The size of the cells
and therewith the maln-ring spacing 1is, howevor, limited.
by the condition that the lose of 1lift 1n the event of the
déflation of a cell, and the ensulng trim moment, may not
exceed a definite maximum valune, This maxinmum value de-
pends upon what matter in the alrship can be expended to
offset the loss of 11ft and the trim of the ship with de~
flatlon of this cell, 3Besides this, a limitatlon of theo
cell size results from the requirement that the stressing
of the framing with deflation of a cell may not be too un-
favorable., The spacing of the malin rings solected in the-
case of the "Graf Zeppelin® is 156 m, Between the main
rings, two intermediate rings aro placed (fig. :21). They
serve.to reduce the column length of the longltudinal
girders to the most favorable figure of 6§ m and also to
provide a favorable angle of ingclination for the shear
wires. In the LZ 129, in spite of the large increasc in
the gas content, a cpll length of 1656.0 m, as well as the
schemo.of two intermedlate rings, have been retaincd., Only
amidships 1s the main ring spacing increased to 16,5 m, On
the other hand, the wlde main ring spacing in the "Akron”"
has been Iincreased to 20 m amidships and to subdivide the
. the column length of the longltudinals three intermediate
rings have been used (fig., 23), In the English construc-
tions, B 100 and R 101, the intermediate rings have been
entirely omitted and, instoad, the. main rings have dboeen put
close together (fig., 26)., This resulted in a relatively
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large numbor of main rings and the rather large column
lengths of about 11 to 13 m in the longltudinals. The
closes subdlivislon of the gas space may well have contridb-
uted to the fact that the structural welght 1n the two
English airshipes has turned out to be relatively high,

The spacing of longltudinals is limited by the condi-
tion that a certain figure should not be exceeded for the
free span width of the outer cover, which 18 laced to the
outer booms of the longitudinals, In the German construc-
tions LZ 127 and LZ 129, as well as in the M"Akron," 1t
amounts to around 3.50 m, Also with respect to these fig-
ures, those previously customary have been exceeded in the
English alrshlps, In order to reduce the distortion and
fluttering of the outer cover resulting from the great
span width, a speclal supporting structure has been pro-
vided 1n the R 100, which pulls the cover inward. On the
other hand, in the R 101 portadble intormediate longltudi-
nals are placed between adjacent maln longitudinals (fig-
ure 30), which serve to tenslon the cover radially. How-
ever, s8lnce ‘these intermediate longitudlnals are not adapt-
ed to taklng tenalon, they represent a useless excess
welght; a further reason for the hligh structural welght
in the R101,

All previous German rigid airships have a frame-stif-
fening keel girder, which perves to transfer to the mailn
ringe the welghts located 1n the lower part of the airship
(fig. 19). 1In contraest to this, in the R 101 such a keel
glrder has been entirely avoided, since for the greater
part 1t wae possible to place the weights 1in the spacious
main rings, The corridore provided are made up of relative-
ly weak framing (fig. 34). In the YAkron" three corridors
in all are provided, one at the top and one on each side
in the lower part of the airship at 459 to the longltudinal
plano, In the forward part of the airship a corridor runs
from the control car to thoe extreme how, The engines are
inside the alrship in properly fitted rooms at the inter-
sections of the side corrlidors with four midship main rings,

For the attachment of the stabllizing surfaces it has
been heretofore customary to construct a stiff cruciform
frame 1n one or more of the main rings in the longltudinal
location of the surfaces, to which the surfaces can then be
attached without bracing (fig. 33). In the German and Eng-
lish alrships, this manner of constructlion has been re-
tained, In the "Akron," on the other hand, the surfaces
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have been attached directly to the ¢outer framing, relying
upon the inherently stiff main rings for rigidity. 1In the
English airshipe the Passenger and crew spaces are located
in the interior of the airship in the forward half of the
airship, likewise the llving spaces for the complement of
the "Akron." The latter are located adjacent to the side
corridore; between them a free space is bdridged over, which
serves for the accommodation of five airplanes. TYigures
19 to 24 can serve further to clarify the frame structures
of the various rigid airships. TFurther figures are found
in references 10 to 16.

8. Structural Elements

Just as the five newer airships differ in general ar-
rangement of framing, they also differ from one another in
girder deslgn. The LZ 127 has girders similar to those
which were unesuval 1n earlier Zeppelin alrships., The longi-
tudinal and ring girders are of triangular form, thelr
channel-ghaped corner members being Joined By means of cor-
rugated lattices (fig. 35). For the LZ 129, entirely new
kinds of girders have been developed, which likewlse are
shown 1n figure 35. The corner members are Joined by means
of oppositely set U-shaped struts, extensively provided
with lightening holes. The pot-shaped corner members used
for the new girders are especially shown in figure 365. The
upper sections are used in the more lightly stressed, the
lower in the more heavily stressed girders. TFigure 36
shows a truss member of a main ring of LZ 127. The kind
of latticlng for the various girders 1s clearly recognized
in this. Figure 37 shows the girders newly developed by
the Luftschiffbau Zeppelin and having the oppositely set
gtrut bracing, and shows also the attachment of the latter
to the outer and inner legs of the corner membera.

In the "Akron" a departure has been made from the iri-
angular type of girder and rectangular box girders (fig.
35) have been developed for the ring members. These glrders
have no real corner members. Rather, the wall plates of
the girders grip over one another at the corners and have
stiffening grooves there. Merely by the setting-in of a
corner plece the corners are transformed-into closed Bec~
tions., The wall plates have extensive lightening holes.

In like manner this construction is also applicadle to tri-
angular box girders. The ring glrders used in the R 101
have an appearance similar to that of the ring girders in
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the fAkron.”" 1In contrast to the "Akron," however, lipped
tubes are used in the corners, into which the wall plates
grip, In the three boom girders of the spaclious rings
these tubes are made of high-strength steel, while the wall
plates are of duralumin,

Through the so-called efflclency factor one has a
comparison of the values of the girders developed, By this
is meant the relationship of the duckling load attained, in
tons, to the running girder welght in kg/m, This has the
dimension km., In figure 38 the effliclency factors of the
triangular girders for LZ 127 and LZ 129 are plotted on the
glrder cross-sections, It 1s seen that the efficlency fac-
tors of tho new girders, in comparison with the earlier
ones, havo increased significantly. It 1s especlally sig-
nificant in connection with the girders used, that the ef-
ficlency factors increass with lncreasling cross-section,
From thls it follows, that the structural improvement of
lighter girders 1s particularly difficult., In figure 39
the efflclency factors for the girders developed by the
Goodyoear-Zeppelin Corporation are shown. 1In the case of
the girders used in the "Akron," made of the American alu-
ninum alloy 17SRT, they lie between 6 and 8, Moreover,
they may be brought higher with the use of the high strength
alloy 24SRT and with improved forming,

Those developed for the framing of the R 100 are tri-
angular girders, the tubular booms of which show an espe-
cially noteworthy development. Flgure 40 shows such a tube
ln formation, The tubes are rolled in epiral form from
strips of plate and riveted along the contacting edges. As
is ovident from figure 41, the boom tubes are Jjolned by
moans of box-type struts, which are arranged opposed %0 one
another 1ln a manner simllar to that used 1n the previously
described developmont of the girders of the LZ 129, and
which have been provided with lightening holes.

The longltudlinal girders in the R 10l are constructed
in yot another manner (fig., 423). These longitudinal gird-
ocrs, which likewlse are trlangular glirders, have booms of
steel tubing and struts of duralumin tublng., The rectangu-
lar panels are cross-braced by means of wire diagonals,

The glrders have a consliderable depth (up to 70 cm), The
gsteel tubes of the booms are not drawn, but are of sheeting
bent together,

In jJoint deslign one can distinguish fundamentally two
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different types, In the first type the intersecting booms
are riveted directly together, With thls type one recog-
iiszées that, as a result df the ecéentrid attachiivnts of the
individual members and of the stliff constructlion of the
Joint, etress concentrations occur, which, however, are in
general of no great dlsadvantage, since they occur only lo~
cally., The other type seeks to reduce these secondary
streoases, since as much as possidble it brings the members
together at ono point in special Junction members. This
type has the advantage in assembling, that all members can
be completed in ‘their cgorrect lengthe and then scorewed up.
The structural design is, however, more difficult and also
involves more welght,

Because of these considerations German airship bulld-
ing has thus far not departed from the stliff riveting of the
Jolnts, Figure 43 shows a typical Jjoint, as 1t occurs 1ln
the construction of the LZ 127. The longitudinal girder
with the downward polnting apex pasees through the ring
glrder, Underneath the attachment plate for fleld assambly
is visible. A4lso the girders of the "Akron" are riveted
at the Joints, Flgure 44 ghows an lnner Joint of the main
ring, Here especlally simple attachments result from the
rectangular design of the girders,

In the construction of the R 100, special Jolint mem-
bors (fig. 46) have beon riveted together, on to which the
boom tubes of the longltudinal and ring girders are screwed
by means of sleeve nuts, Such a Joint completed 18 seen
in figure 45, which agaln shows the continuity of a longi-
tudlnal girder at the ring corner,

A ring jolnt of the R 101 looks entirely different
(fig. 47). The boom tubes of the ring struss are brought
together 1n pyramid form and end in a light metal casting
(fig. 48), which 18 held by the fork-like ends of the tubes
of the lnaner ring booms., A4Also the wire attachments in the
B 101 are worked out 1ln an unusual manner, The wires are
poured into sleeves, whlich are secrewed lnto casings, .The
casings are swivel-fastened to a steel plate, which can.

. turn around a bolt set i1n the joint casting.

In the "Graf Zeppella" as well as in the "Akron" the
"ends of wires are looped, served with small wire and then’
géoldered. The new structure of the LZ 129 has departed
from thls type of wire terminal for the bracing of the main
rings, The wires, which here in places go to wire diame-
ters up to 8 mm, end in so-called "Heddernheimer" casings,
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which are turned up over the wire ends on the wire-drawlng
frame. According to tests which were conducted at the DVL,
these caslings represent an exceptional terminal jJoint (26),
In the rings of the LZ 129, now under construction, an es-
peclally interesting attachment of the wire braclng to the
ring corners has been developed (fig. 49). It has for its
object the leading of the wire forces as centrally as pos-
8lble into the ring Joints, in order to reduce torsion and
lateral bending stresses 1n the ring girders. The wires
coming into the Joint are brought together on a steel mem-
ber, the so-called "spreader." Around this is laid an end-
loss cable strop, which is led over a formed part, the so-
called "whip." This formed part swings on a bolt, which is
placed at the junctlon point of the ring and longlitudinal
glrdors.

3. Materials.

In the structures of LZ 127, LZ 129, YAkron," and
R 100, duralumin 1s used as structural material, 1In the
R 101 a nmixed construction has been adopted, in which the
boom tubes of the longltudinal girders are worked out in
steel, Thoe question, whlch of the two materials mentioned
is more sultabdle for the alrship frame 1ls difficult to de-
clde theoretically. If one compares the pure efflclency
factors for columne, then, to be sure, duralumin shows up
the better; one should not forget, however, that in viow
of the compact deslgn and the posslibllity of welding in the
case of steel construction the joints turn out lighter,
With the slze of present-day airshlp structures we have un-
doubtedly come lnto a range where stesl, especially in the
form of weldable tubes, comes into the picture as a serious
competitor of duralumin, which 1s preferably used in open
sectlons on account of riveted attachments,

In table 1* are assembled the duralumin alloys hereto-
fore used in airship structures, Hardness 1 signifles:
cold rolled after refining, The corresponding values can
also bo applied to drawn sections, since approximately the
same strengthening results from drawing., The first series

*The table is taken from the paper by Dr. Ing. Brenner:
"Die Auswirkung neuoeroer Erkenntnlisse der Werkstofforschung
auf den Luftfahrzeugbau® ("The Development of New Concop~
tions of Material Resdarch in Aircraft Comstruction®"), ap-
pearing in the DVL-Jahrbuch 1933,
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represents the ordinary duralumin, as .it was used 1in the
predecessor of the "Graf Zeppelin,? the "Los Angeles,! -
placed in' service-in the-American Navy. -

In the second series the substitute alloy 681ZB de-

- veloped for the "@Graf Zeppelin" 1s 1lntroduced, from which
one perceives that the tenslle strength as well as the
elastic limit, for which in light metals the 0.2 limit 1@
speclfied, have inoreased about 10 percent, In the last
line the -American 17SRT used in the "Akron" is entered,

As may be seen, thls alloy 1s not better than the normal
alloy 681B, strengthened by cold rolling, Further, the
table contains in the next to the last llne a new alloy
DM31, which was recently developed at the Diirener Metall-
. wurke, With respect to its elastic 1limlt and tensile
strength, this alloy lies about 10 percent higher yet than
the substitute alloy 681ZB used for the LZ 127. Since 1ts
other properties, especially 1lts corrosion-reslistance, are
not worse than in those previously mentioned, this alloy
might be especlally sultadle for alrshlp construction, The
corrosion reslsting steel used for tho longitudinal glrders
of the R 101 has a tensile strength of about 140 kg/ mm3,
8t111 to be mentloned 1s, that in the construction of the
gangway framing of the semirligid airship PN 30 (fig. 123)
Lautal tubes have been used, which show a tenslle strength
of 38 to 42 kg/mma and an elastic limit (0.3) of 22 to 27
kg /mm®,

4, Loading Agsumptions and Structural Design

. After having gone into the construction and the struc-

tural elements of the framing in the foregoling paragraphs,
the fundamentals on which the deslgn of the framing rests
should now be briefly treated: first something about the
loading assumptions. .

The forces which stress an airship are in the main of
threo kinds: the statle, the aerodynamic, and the inertia
forces, To the static forces belong the woights carrled dy
the airship, which aro divided into deadwelght, operating,
and useful load, as well as the lifting forces exerted by
the lifting gas. One speaks of the welghed-off ship, when
loads and 11ft are equal, of the heavy ship; when the loads
oxceed, and of the light ship when the 1lift exceeds;

The atatic'forces are determined with the least error.
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It 18 the task of the constructor to strive from the begin-
ning for balanced distridbution of the welghts .and lifting
forces through sultable weight distribution plans, Thils,
however, 1s possibdle only to a limited degroe, so that es-
peclally after a rather large fuel consumptlon.and 'in the
very rare case of the deflation of a cell, the statlc loads
can cause rather large shear forces and bending moments,

The forces of the second kind are the aerodynamle or
alr forces., They represent the most lmportant group of ex-
toernal forces. Thelr determination is accomplished through
prossure -measurements in the wind tunnel (references 27 and
28) as well as through tests on the airship in flight (ref-
erence 29). Thelr theoretical determination 18 possible
through the procedures worked out by Fuhrmann, Von Karman,
and Munk (references 30, 31, and 32, respectively), the re-
sults of which in general show good agreement with the test
resultsa, The aerodynamlic forceces occur chiefly in trimmed
flight, 1.e., when the heavy or light airship flies with an
upward or downward directed longitudinal axis for equalisza-
‘tion of the static forces, Simllar forces occur in curved
£1ight, Turther, the forces acting on the stern of the air-
ship with rudder movement belong to the aerodynamic forces,
and finally also the forcos exerted by gusts.

As a result of the acceleratlons occasloned by the air
forces, the third kind of forces occars: the 8u-called in-
ertia forces, They are oquated to the external alr forces
and moments. 1n accordance wlth the 4dtAlembert principle and
depend upon the mass and the moment of lnertia of the alr-

.- ship, :

In German alrship construction it is customary to se-
lect a.limited number of conditions of loading, Principal-
ly, there are the case of the airship flying in the verti
cal plane at a fixed 1limiting altitude, that flying in the
horlzontal plans with the smallest turnling circle, as well
as the case of the rudder hard-over at a fixed rudder angle.
More recently there has been added the consideration of the
stressing due to gusts, which attack the forward part of
the airship with a velocity of more than 10 m/s, as well as
the forces on the airshlp lying at the mooring mast. The
loading conditions mentioned are 1nveat1gated individually
and in certaln combinatlons together with the constant stat-
ic loads. In the calculation of the "Akron" all aerodynamic
loading conditions are combined in a slingle loading condi-
tlon, tho effect of which 18 assumed 1n all longitudinal
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planes of ths airship (references 17 and 33)., In the con-

. struction ‘of the Engllsh alrships, on the other hand, com-
"binations df loading conditions are consldered 1n much

greater number than was previously customary (reference 34),

Also in the matter of safety, dlstinoct progress has
been made in the newer alrship structures, In German alr-
ship construction a uniform factor of safety (against
breaking) of 2 for tenslon and compression 1s taken as a
basle, With this the factor of safety for tenslon is ap-
plied to the tenslle strength of the material and that for
compression is applied to the experimentally established
comprossion strength of the member concerned, In the Ameri-
can construction, on the other hand, the factor of safety
3 applles agalnst exceeding the so-called "yleld point,®
which in the alloy used, 173RT, lles approxlmately around
30 kg/mm2 (reference 33), Since this limit agrees approxi-
mately wlth the compresslivo stress attained in the compres~
slon members, this glves, even more severely than in air-
Plane construction, a dlstinct securlty agalnat -.-the break-
ing of tension and compression members, A still more ex-
tehslive graduation of factors of safety is followed out in
-the English constructions, The required factors of safety
(againet breaking) lie, depending on the kind of stress,
between 2 and 4 (reference 35),

With the high degree of static indetermlnateness, the
exact calculation of an alrship framework as a statically
indeterminate space framework practically can not be accom-
plished, On this account one 1s compelled to adopt approx-
imate methods (references 36 and 37)., The slmplest and,
under certaln hypotheses, also the most sultadle approximate
method consists in consldering the entire alrship frame to
be a homogeneous beam, and to calculate according to the
usual bending theory. In the determination of the moment
of inertia .of such a beam one must, however, conslder not
only the circular cross sectlions, but also the dlagonal re-
inforcement of the tenslon sone by the outer pansel and the
inner net stressing, and under certaln circumstances also
that by the outer covering, In what magnitudes the indil-
vidual portions are to be taken depends on the transverse
force acting at the section considered.

Another approximate method consists in calculating
the forces in the dlagonals of the outer surface under the
hypothesis that the t ransverse rings are rigid in and per-
pendicular to their planes and that only a parallel dis-
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placement of these rings wlith respect to each other takes
place., ' The circumferential forces are then determined from
the components of the diagonal forces so determined. 1In
contrast to the previously mentioned bending theory, this
method 18 designated as the shear theory (references 4, 38,
and 39).

Stress and bendlng measurements on the framing with
definlite conditions of loading can give an indication con-
cerning the accuracy of the approximate methods discussed.
A loading test of that kind was undertaken early 1in 1929 by
the DVL wlth the framing of the L.Z 127 in the hangar. The
measurements were made on the weighed-off alrship and the
various loading conditiones were obtained by shifting of the
welghts provided., The measurement of the stretch of longi-
tudinal glrders was mostly by the electro-acoustic method
with Malhak gtrain gauges, tensions in wires were determined
wlth the tenslometers developed by Luftschiffbau Zeppeliln,

From ‘the great number of measurements taken, there are
selected in figure 50 the stress measurements in the longl-
tudinal girders over an .alrship's cross sectlon approximate-
ly amidships for two slgnificant conditions of loading, 1In
the firet case a large bending moment acts 1ln conjunction
with a emall transverse force; in the second case a small
bending moment in conjunction with a large transveree force,
The curves a show the variation of the stresses measured
in the longitudinal girders under these conditlons of load-~
ing, Superimposed on these are three calculated curves Db,
¢, 4, which were obtained in accordance with the above-
mentioned beam theory b wunder the hypothesls that only
the longitudinals alone, ¢, that the longltudinals and
all diagonals, and d, that the longltudinals and only the
dlagonals lying in the tenslon sone contribute to the mo-
ment of inertia. In the case of the diagonals a cooperation
of the net stressing and outer cover is considered. The
course of the curves shows that the stress distribution
measured llies in general between the two lines b and ¢,
and, indeed, agrees well with b 1in the compression sone
and well with ¢ in the tenslon zone., The line 4 is 1in
good agreement with whole course,

A somewhat expensive procedure for checking the
stresses 18 the carryling out of static tests on models,
which in their elastlc properties duplicate the full size,
Such model t ests are in preparation at the DVL.
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6. Welght Survey

In closing, a survey of the weights used for the
framing and other parts of the dead 'eights of the airships
mentloned should be given.

In fignre bk the weight ratios of framing. wiring,
etc., to dead welght, as well as the .ratlo of" the dead
welght to atatic 1ift, are shown gfaphically to the same
scale for the various airships. The sgudare shown, repre-
senting 6 tons* serves as a measure of the actual welghts.
Primarily noteworthy in this drawing 4s the large ratio of
the framing to dead weight in the two Bnglieh airehips R 100
and R 10l. Thils probably lies, as is already mentioned,
mainly in the close ring spacing as well as in the relative-
ly high factors of safety chosen. The greater ratio of the
wiring to dead weight in R 100 compared with R 101 1s to
be attributed to the greater ratio of the wiring area to
the profile area of the hull in the case of R 100. The
smaller welght ratio of outer cover and gas cells in the
®*Akron," R 100, and R 101 in comparison with LZ 1237 1s to
be attributed to the greatsr volume and the smaller slen-
derness ratio. The large ratio of the machinery installa-
tion 1n the LZ 127 and "Akron" in comparison with the R 100
probably lies largely in the relatively high unit welght
of the Maybach engines chargeable to operating safety, and
in comparison with the B 101 in the relatively low total
power of the machinery installation of the R 101l. ZFinally,
in additlion there is the large ratio of the crew and pas—
senger spaces in the two HEnglish airships. This results
from the fact that in the two English airsghips a relatively
high weight has been expended for the furnishling of these
spaces, The dashed lines in the case of R 101 show the ra-
tio 1f approximately the same expenditure is made as in the
case of the "Graf Zeppelin.!

In conclusion, it must be noted that in this compear-
1son, in which all airships are assumed inflated with hy-
drogen, the ®Akron" comes out somewhat too favorable, since
with hellum 4inflation the framing portion is more lightly
stressed; however, offsetting this in the FAkron® ig the
additlonal weight of the water-recovery apparatus.

*Metric. 1 ton, metric = 2204.6 pounds.
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IV. CORCLUSION

In govering the matters relating to the present posi-
tion of airship construction 1t was possidble only to a lim-
i1ted degree to go 1nto them thoroughly, Particularly, only
a part of the materials graclously made avallable by domes-
tlic and forelgn airship authorities could be introduced,
The foregoing discusslion 1s intended primarily to give an
l1dea as to what mental and material medlia have been used
in airshlp constructlion up to the present time, and what
guiding influence German airship construction has exerted
on the previous development,

Translation by Ray E. Brown,
Bureoau of Aoronautics,
Navy Department,
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TABLE I
Strength Data for the Newer Aluminum Alloys
Alloy and hardness| Yield| Tensile {Elonga- Remarks
: point [strength| tion
0o.2 O3 &
kg/mm?| kg/mm2 | (per-
cent)
681 B, untreated 26-28 38-42 |18-15 According to
hardness 1| 32-34 45-48 112-10 data of the
681 ZB, untreated | 28-30| 42-44 [18-15 Durener
hardness 1| 36-38 46-43 1 12-10
Metalliwerke
DM 31, untreated 30-34 46-48 | 15-12 "
hardness 1| 40-42| 50-52 |12-10 |*-~G.. Duren
1L7SRT, average 32 43 10-15% | According o

American data

*Measured over 2 iaches.
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Figure 3.~ Second Schuette-Lanz FPigure 4.- Pirst Parseval
airship, SIL2. pressure ship,

Figure 5.- Siemens-Schuckert Figure 6.- GRAF ZEPPELIN (L2Z-127).
pressure ship.
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7.~ The English rigid Figure 8.- The English rigid
airship R-100. airship R-101.
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Figure 9.- The American rigid Figure 10.- Profiles of more
airship AKRON. recent rigid airships.
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Figure 11,~ Semi-rigid pressure ' 12.- PN ) ——
airship PN30. Figure 12.- PN30, gangway tru
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Figs. 13,14,15,16,17,18

Figure 13.- Metalclad pressure
airship ZMC-2.

1d.- ZMC-2,

HR ZIA’ 14

==t
Figure 16.- Usual system of airship

framing. HR=main ring.
ZR= intermediate ring. L =Longitud-
inal girder.
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Figure 15.- Goodyear pressure
ship PURITAN,

el S :
Figure 18.-~ Assembly of ring types.



Figure lé.-LZié?-Framework
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Nt

Vg

Wen

during

assembly, showing a
view of rings. The rings are sus-
pended from the roof trusses dur-
ing assembly,

7 Figure 20.- LZlQ?-Maih ring on the

Figs. 19,20,21
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floor. The rings are
completely finished on the floor
and are erected by the aid of stiff
assembly frames,

FPigure 21.- L2127 -

Partial view
of the framework show-
ing the wire-braced
main rings with the
truss work, and the
two nnbraced inter-
mediste auxiliary
rings.
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Figure 22,- L2127 - Inside view

of framework. The axial
girder may be seen between the
upper 1lift gas cells and the lower
fuel gas cells. Below is seen the
gangway girder.

Figuare 23,- AKRON-
Framing
with tip of stern
suspended besgide

it, The inherently
stiff, three boom,
main rings with

their zig-zag strut
bracing are easily

. visible. The framing
of the AKRON was
assembled on "framing
towers", Two of these
are placed under each
main ring.

DVt 2507

Figure 24,~-AKRON-
Main
ring lying down
with resilient
bulkhead netting.
The casings
attached to the
corners of the
inner ring mem-
ber in thé upper
part of the ring
contain the
resiliency devices.
At the left is
seen the Jjunction
of the side
corridor with
the main ring.
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Figs. 25,26,27,28

Figure 26.- R-lOO - Assembly view

, of the framing. The great
ring and longitudinel spacings, as

Figure 25&;'A§?2g ;ogign;f the well as the single-panel bracing,

spindle. The mooring spindle are noteworthy.

is at the tip of the bow and

in the middle of the back-

ground a cruciform ring is

geen, The mooring cone, herse

still lacking, hangs from the

tip of the spindle.

Figure 27.~ R-100 - Partial view
showing cell and ring
bracing. The ring bracing is
distinctly marked on the end of the
cell., The exial girder seen above
supports the wire netting at the
center and is inclosed by the ges cell.

Figure 28.- R-100 - Ins1de view at

the bow. In the foreground
the ramie cord net is visible between
the ring wires.
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H
f

riguro 29.- 3_100 - Inside view.
. In the foreground the
promenade deck of the passenger
space located inside the ship.
The walls are fabric covered.

Figure 31 - R—101 - View of rings.

The three btoom ring has
rectangular panels, which are
wire braced. The wire netting
surrounding the cell and its
attachment to the lower part of
the ring are easlly seen.

‘?ﬁt‘i’«‘t" I A

Figure 30.- R-101.- View of the bow framing. Between

the widely spaced wire braced
longitudinal girders are located the numerous strut
breced intermediate longitudinals. These can be used
for final tensioning of the outer cover in the radial
direction.
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aTtR I
- Ring lying on I R
the floor. The  ~ Pigure 33,- R-101- Stabil |
columns in the outer ring plane con- eur gu:f:'c:'m
sist of longitudinsl girder sections. g¢ructure. The two rings in way

. of the surfaces are of cruciform

type, oxtensions of which form
the spars for the surfaces.

AL

E KRR : ot A
Figure 34.~ R-101l. Inside view. In the foreground
at the left the corridor made up of weak
. framing, and at the right a portion of the three
boom ring, are visidle.




¥.A.C.A. Technical Memorandum No. 872 ' . Pigs. 35,36,37

LZrr.

O80008)

v,
al

2

Figure 35.- Various girder types: Longitudinal and ring girders
of the LZ-127 and 129, structural shapes of the L2-129,
Ring girders of the AKRON and the R-101.

Figure 36.- LZ-127 - View of a Figure 37.- 12-129 - View of the

_main ring truss member. ~ - new girders.
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Tigure 38.- LZ-127 and L2Z-129 ~ Efficiency factors.
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Tigure 40.- R-100 - Spiral tubes | ' _
in fomtfon. . Figure 41.- R-100 -~ Girder.
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EE e

Figure 42.- R-101 - Longitudinal
girder.

IR BYLITET

Figure 43.-~ LZ-127 = Joint.

Figure 46.- Junction plece.

Figure 47.~ R-101l-Inner ring Joint.
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1 a) Measured. According to the beam
theory by the aid of moment of inertia.

b) Longitudinals alone.
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Figure 48.- R-101 - Junction piece )
and wire attachment.

the tension sone,

Figure 50.~ Measured and calculated
stresses in the longitudinal
girders of LZ-127.

‘Figure 49.- L2-129 -
Wire
attachment to
the ring.
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